Background Pain-coping strategies and appraisals are responses to the pain experience. They can influence patient-reported and physical performance outcome measures in a variety of disorders, but the associations between a comprehensive profile of pain-coping responses and preoperative pain/function and physical performance measures in patients scheduled for knee arthroplasty have not been examined. Patients with moderate to high pain Research reported in this publication was supported by the National Institute of Arthritis and Musculoskeletal and Skin Diseases of the National Institutes of Health under Award Number UM1AR062800 and CTSA award No. KL2TR000057 from the National Center for Advancing Translational Sciences (DLR was Principal Investigator; DA, JS, RP, and LD were coinvestigators). One of the authors (MPJ) receives royalties when clinicians or researchers purchase or obtain a license to use one of the measures used in this study (the Chronic Pain Coping Inventory). The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research® editors and board members are on file with the publication and can be viewed on request. Each author certifies that his institution approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. This trial was registered in ClinicalTrials.gov (NCT01620983). This work was performed at Duke University, Durham, NC, USA; New York University Medical Center, New York, NY, USA; Virginia Commonwealth University, Richmond, VA, USA; Wake Forest University, Winston-Salem, NC, USA; and Southern Illinois University, Springfield, IL, USA. catastrophizing (a pain appraisal approach associated with an exaggerated focus on the threat value of pain) may represent an excellent study population in which to address this knowledge gap. Questions/purposes We asked the following questions among patients with high levels of pain catastrophizing who were scheduled for TKA: (1) Do maladaptive pain responses correlate with worse self-reported pain intensity and function and physical performance? (2) Do adaptive pain-coping responses show the opposite pattern? As an exploratory hypothesis, we also asked: (3) Do maladaptive responses show more consistent associations with measures of pain, function, and performance as compared with adaptive responses? Methods A total of 384 persons identified with moderate to high levels of pain catastrophizing and who consented to have knee arthroplasty were recruited. The sample was 67% (257 of 384) women and the mean age was 63 years. Subjects were consented between 1 and 8 weeks before scheduled surgery. All subjects completed the WOMAC pain and function scales in addition to a comprehensive profile of pain coping and appraisal measures and psychologic health measures. Subjects also completed the Short Physical Performance Battery and the 6-minute walk test. For the current study, all measures were obtained at a single point in time at the preoperative visit with no followup. Multilevel multivariate multiple regression was used to test the hypotheses and potential confounders were adjusted for in the models. Results Maladaptive pain responses were associated with worse preoperative pain and function measures. For example, the maladaptive pain-coping strategy of guarding and the pain catastrophizing appraisal measures were associated with WOMAC pain scores such that higher guarding scores (b = 0.12, p = 0.007) and higher pain catastrophizing (b = 0.31, p < 0.001) were associated with worse WOMAC pain; no adaptive responses were associated with better WOMAC pain or physical performance scores. Maladaptive responses were also more consistently associated with worse self-reported and performance-based measure scores (six of 16 associations were significant in the hypothesized direction), whereas adaptive responses did not associate with better scores (zero of 16 scores were significant in the hypothesized direction). Conclusions The maladaptive responses of guarding, resting, and pain catastrophizing were associated with worse scores on preoperative pain and performance measures. These are pain-related responses surgeons should consider when assessing patients before knee arthroplasty. TKA candidates found to have these pain responses may be targets for treatments that may improve postoperative outcome given that these responses are modifiable. Future intervention-based research should target this trio of maladaptive pain responses to determine if intervention leads to improvements in postsurgical health outcomes. Level of Evidence Level I, prognostic study.
Introduction
The prognostic role of pain-coping strategies and appraisals has been the focus of research in individuals with a variety of chronic pain conditions, but less so for persons undergoing TKA. Pain-coping strategies are a person's responses to manage pain and its effects and include such strategies as resting, exercising, or asking for assistance. Pain-coping strategies are generally classified as adaptive strategies thought to result in better outcomes over time or maladaptive strategies thought to result in worse outcomes over time [20] . Pain-related beliefs or appraisals are a person's thoughts regarding the pain. These can be classified as adaptive (self-efficacy beliefs about being able to manage pain) [4] or maladaptive ("catastrophizing" or excessively negative thoughts about pain) [41] . Research in other populations has shown that maladaptive coping strategies and pain-related appraisals tend to be more consistently associated with important outcomes than adaptive ones [16, 40] , suggesting that it may be more useful to help patients decrease their use of maladaptive responses than to increase their use of adaptive ones.
The two most commonly used measures of pain-coping strategies are the Chronic Pain Coping Inventory (CPCI) [22] and the Coping Strategies Questionnaire [34] . Two commonly used measures of pain-related beliefs or appraisals are the Pain Catastrophizing Scale (PCS) [39] and the Arthritis Self-efficacy Scale (ASES) [28] . Paincoping strategies and appraisals are important to study as potential prognostic indicators for persons with chronic pain, in part because they are modifiable. This provides an opportunity to intervene and potentially improve both short-and long-term outcomes. One prior study in patients undergoing TKA of which we are aware has examined associations between pain-coping strategies and related appraisals with patient-reported outcome measures (PROMs), but only for isolated coping or appraisal measures [1] . We found no studies that evaluated the extent to which a profile of pain coping and appraisal measures independently associates with preoperative measures of pain, function, and physical performance. This evidence gap is particularly important given the recent emphasis on performance-based outcomes as part of a comprehensive assessment [11] . A study examining these associations would provide evidence that could more fully inform surgeons of the most likely coping and appraisal targets for intervention before and after TKA.
Given these considerations, we analyzed data obtained from a sample of patients with moderate to high pain catastrophizing who were consented for TKA to determine if (1) maladaptive pain-coping strategies (such as guarding, resting, asking for assistance) and a pain-related appraisal (such as pain catastrophizing) were associated with worse preoperative self-reported pain intensity, function, and [31] . The current study is a cross-sectional study of baseline preoperative data collected during the trial. Patients were recruited and signed an institutional review board-approved consent form between January 2013 and June 2016. Only the preoperative baseline data were used to test the study hypotheses.
Participants
Patients were included if they (1) were aged 45 years or older; (2) had a diagnosis of osteoarthritis as confirmed by the surgeon; (3) had TKA scheduled between 1 week and 8 weeks after consent; (4) scored 16 or greater on the PCS [32] , given that the primary study was designed to evaluate the efficacy of an intervention for reducing catastrophizing; and (5) were able to read and speak English. Patients were excluded if they (1) were scheduled for revision surgery; (2) underwent another arthroplasty within 6 months of the surgery of interest; (3) had a self-reported diagnosis of inflammatory arthritis (eg, rheumatoid arthritis, psoriatic arthritis); (4) were scheduled for bilateral TKA; (5) planned to undergo hip or knee arthroplasty within 6 months after the current knee arthroplasty; (6) scored 20 or greater on the depression screener (indicating severe clinical depression, which was judged to be a safety risk for the trial) [27] ; and (7) scored 2 or less on the cognitive screener [6] . In general, we were interested in studying a sample of persons with knee osteoarthritis who had moderate to high pain catastrophizing and the patients indicating they had no scheduled arthroplasty procedures on other joints. In addition, they indicated they had no other arthroplasty surgeries in the 6 months before study participation. We also wanted to recruit persons who had normal cognitive function to assure sound data collection and we wanted to exclude persons with severe clinical depression leading to safety concerns during the trial. A total of 4043 patients were considered for screening. Of these, 551 declined to participate, 917 did not respond to requests to screen, 1976 did not meet one or more inclusion criteria, and 599 met all criteria. Of the 599 who met all criteria, 402 consented and 197 declined consent to participate. Of 402 patients who consented to participate, 18 had their surgery either canceled or delayed for medical reasons over the entire study period and were not included in the final sample. A total of 384 subjects participated.
Description of Experiment
Between 1 and 8 weeks before surgery, patients at each of the five sites were approached by the site coordinator and were informed about the purpose of the clinical trial. If patients were interested, they signed an institutional review board-approved consent form and then completed all required baseline data collection. All patients underwent either TKA (n = 367) or partial knee arthroplasty (n = 17). A total of 32 surgeons performed TKAs across the five sites and the total number of patients seen by each surgeon ranged from one to 54.
Outcome Measures of Interest at the Preoperative Visit
The PROMs were the WOMAC pain and the WOMAC function scales. WOMAC pain scores ranged from 0 to 20 with higher scores indicating greater pain with activity. The WOMAC function scale quantifies the extent of perceived difficulty with daily activities with scores ranging from 0 (no difficulty with activity) to 68 (extreme difficulty with all activity). Reliability and validity of the WOMAC have been repeatedly demonstrated for persons undergoing TKA [2, 3, 13] . The performance-based outcome measures were the Short Physical Performance Battery (SPPB) and the 6-minute walk test. The SPPB is a composite measure that includes balance tests, a 4-m walk gait speed test, and a single and repeated chair stand test [19] . The SPPB has been shown to be both reliable and valid for measuring physical performance-related deficits in persons with hip and knee osteoarthritis [7, 15, 19] . Scores on the SPPB range from 0 to 12 with higher scores equating to better physical performance. The 6-minute walk test is a reliable measure of actual walking endurance and when the SPPB and 6-minute walk test are combined with self-reported measures provides a comprehensive summary of PROMs and performance-based outcome measures [11, 25, 37] .
Predictors
The pain-coping predictors were the subscale scores derived from the previously validated CPCI [22] . All two-item subscales from the CPCI were included in the analyses (Table 1 ). There are three maladaptive coping strategies (such as guarding, resting, and asking for assistance) and five adaptive coping strategies (like relaxation, task persistence, exercise/ stretch, seeking support, and coping self-statements). Each subscale is scored from 0 to 14 with higher scores indicating higher use of each coping strategy in the previous week. Reliability and construct validity of each subscale have been supported [21] .
We used two pain-related appraisal measures, the PCS and the ASES. The PCS patient self-report instrument quantifies the extent to which a person amplifies their pain symptoms, feels helpless when experiencing pain, and ruminates about their pain experience. The PCS is a 13-item scale ranging from 0 (no pain catastrophizing) to 52 (most severe pain catastrophizing) [39] . Substantial research supports both the psychometric and prognostic importance of the PCS for patients undergoing TKA [32, 38, 39, 43] . The eight-item ASES is a validated measure of a patient's beliefs in the ability to control pain and functional difficulty associated with arthritis [30] . Scores for the ASES range from 8 (lowest selfefficacy) to 80 (highest self-efficacy).
Potential Confounders
To account for other variables that may be associated with pain coping, appraisal, and PROMs or performance-based outcomes measures (that is, to reduce bias), we included measures of age, sex, race, body mass index (BMI), comorbidity, depression, and anxiety. Race was dichotomized to black subjects or all other subjects. BMI was recorded as kg/m 2 . We used the validated modified Charlson comorbidity index to quantify extent of comorbidity [23] . The previously validated Patient Health Questionnaire (PHQ-8) [27] and the Generalized Anxiety Scale (GAD-7) [26, 36] were used to quantify extent of depressive and anxiety symptoms, respectively. The PHQ-8 is scored from 0 to 24 and the GAD-7 is scored from 0 to 21 with higher scores indicating more severe depressive or anxiety symptoms.
Statistical Analysis
Multilevel multivariate multiple regression was used to examine the hypotheses. The selection of multilevel regression (that is, a random intercept model) accounted for clusterbased sampling of patients nested within surgeons. The choice of a multivariate analysis was motivated by a goal to estimate the effects of predictors on all four PROMs and performance-based outcome variables simultaneously. The regression analyses were run with the potential confounders included, which allowed us to estimate the effects of potential confounders on the prediction. The 6-minute walk test and the SPPB scores had 15% and 4% missing scores, respectively, either because the patient declined or because the patient was judged to be unsafe to perform the tests, whereas the WOMAC measures had no missing data. The full information maximum likelihood method was used to handle the missing data. We report standardized b coefficients for each model, which allows for direct comparison of each of the predictor variables in the models. Importantly, because this is a crosssectional study, the predictor variables in our models are being used to identify predictors of outcome measures and not causes of these measures. MPlus (Version 7.4, https://www. statmodel.com/) was used to estimate the model and p < 0.05 indicated statistically significant associations.
Study Sample
Characteristics of the sample demonstrate substantial variation across a variety of dimensions (Table 2) .
Results
The maladaptive pain-coping strategy of guarding and the pain catastrophizing appraisal measures were positively associated with WOMAC pain scores such that higher guarding scores (b = 0.12, p = 0.007) and higher pain catastrophizing scores (b = 0.31, p < 0.001) were associated with worse WOMAC pain. Similar associations were found for WOMAC function scores (b = 0.13 for guarding and b = 0.24 for pain catastrophizing). These associations were present even after accounting for potential confounding variables. For physical performance outcome measures, the maladaptive pain-coping strategy of resting was negatively associated with SPPB scores (b = -0.15, p = 0.013) such that greater resting was associated with worse SPPB scores. Additionally, higher pain catastrophizing scores were associated with worse SPPB scores (b = -0.14, p = 0.039) after adjustment for potential confounding. These findings generally supported our hypotheses. All maladaptive paincoping strategies and the pain catastrophizing appraisal measure are noted as "maladaptive responses," whereas all adaptive pain-coping strategies and the self-efficacy appraisal measure are labeled "adaptive responses" in the statistical models analyzed (Table 3 ). Similar to partial correlation coefficients, the standardized b coefficients in multiple regression analysis are used as effect size indicators and are comparable. Using Cohen's guidelines, standardized b coefficients indicate small effects when the coefficients approximate 0.1, moderate effects when it approximates 0.3, and large effects when the coefficient approximates 0.5 [9] . Applying this guideline to our study, all associations were small with the exception of associations between pain catastrophizing and WOMAC pain and function, which approximated a moderate effect size. The adaptive pain-coping strategy of seeking support was positively associated with baseline WOMAC pain scores (p = 0.029). That is, the higher the seeking support scores, the higher the WOMAC pain scores. However, the direction of this association was inconsistent with our hypothesis that higher adaptive coping responses would be associated with lower (that is, less) preoperative WOMAC pain or better WOMAC function scores. No other adaptive responses were negatively associated with WOMAC pain scores or WOMAC function scores nor was self-efficacy independently associated with the scores (Table 3) . Maladaptive responses generally were positively associated with self-reported and performance-based outcome measures, whereas adaptive coping strategies and appraisal scores were not associated with either WOMAC or performance-based scores in the hypothesized direction. These data are consistent with our exploratory hypothesis.
The adaptive coping strategies of relaxation, task persistence, exercise/stretching, coping self-statements, and selfefficacy appraisals did not predict any study measure score after adjusting for potential confounding variables. The maladaptive coping strategy, asking for assistance, also was not associated with any measure. Similarly, two covariates, BMI and comorbidity, were not related to study measures after adjustment for all other variables in the model.
Discussion
The study of pain-coping strategies and beliefs is important because these responses impact outcome measures for a variety of health conditions, and they are modifiable. There is thus the potential that these modifiable responses can be targets of interventions in those patients at risk for a poor outcome because of poor pain coping. We examined the association of a profile of both adaptive and maladaptive pain responses with self-reported baseline pain and functional scores in a sample of persons at particularly high risk for a poor outcome, those preparing for TKA with moderate to high levels of pain catastrophizing.
There are some limitations to our study. Our study was cross-sectional and we studied only persons who were screened into a planned randomized controlled trial (NCT01620983) and who had moderate to high levels of pain catastrophizing. This limits the potential generalizability of the findings to only patients with this symptom set. Furthermore, the restriction of range for pain catastrophizing scores attenuates the strength of the relationship between pain catastrophizing and other variables [14, 38, 43] . An additional important limitation is also related to the crosssectional nature of the study design, where patients were tested at only one point in time. Although this allowed us to test specific hypotheses regarding the associations between pain-related coping and appraisals and measures of important function domains, the findings from such a design do not allow for inferences of causality. Association is only one of several criteria necessary for making a causal inference [8, 29] . Future longitudinal research and research using experimental designs (such as random assignment to interventions that target coping and appraisals for change) are needed to evaluate the extent to which pain coping and appraisals may be causally related to a subsequent change in function.
We identified a number of maladaptive responses to be associated with both PROMs and physical performance outcome measures. Both guarding and resting are related strategies that reflect a person's hesitation to engage in physical activity. Both are also potentially modifiable. Thus, if patients were taught or encouraged to increase their activity and minimize time spent resting in response to pain, WOMAC pain and function scores could potentially be improved before surgery. Research is needed to test this possibility. The pain appraisal approach of pain catastrophizing was the only maladaptive response to be significantly associated with both WOMAC scores and physical performance. Consistent with a large body of research across a variety of chronic pain conditions [12] , pain catastrophizing evidenced the most consistent association with preoperative measures among the four maladaptive approaches that we studied. Although pain catastrophizing has both trait and state-like qualities, pain-coping skills training has been shown to reduce pain catastrophizing in multiple studies [5, 24, 42] including persons with osteoarthritis [35] . These data support the need to evaluate the efficacy of treatments that target this appraisal for outcome effects in the TKA population.
We found only one adaptive coping strategy to be associated with WOMAC pain: the coping strategy of seeking support, which indicates the extent to which a person gets support from or talks to friends or family. However, the direction of the association found was opposite that hypothesized. More support-seeking was associated with higher (worse) WOMAC pain such that a 1-SD higher seeking-support strategy was associated with higher WOMAC pain scores by 0.11 SD, on average, after adjustment for confounding. Reasons for this association are unclear, but may be related to the cross-sectional nature of the data. That is, it is possible that patients with more pain seek social support as a way to help buffer the negative effects of that pain on their overall mood and function [17, 18] , beneficial effects of which could not be detected in this study because outcomes subsequent to the coping responses were not assessed. It is also possible that although social support can have beneficial effects on psychologic function, some aspects of social support can have unintended negative effects as social reinforcers of pain and disability [10, 33] .
As an exploratory hypothesis, we examined whether maladaptive responses, which we hypothesized would associate with worse scores on the preoperative measures tested, would demonstrate more consistent associations than adaptive responses, which we hypothesized would associate with better scores. Specifically, based on research in other pain populations [10, 33] , we anticipated that responses to knee pain that were maladaptive would have a more consistent overall impact on both PROMs and physical performance-based outcome measures than adaptive responses. The data appear to support this hypothesis. None of the adaptive responses were associated with score measures in the hypothesized direction (that is, less pain, better function, and better performance), whereas three maladaptive responses were positively associated with self-reported pain and function as well as physical performance (worse pain and function). These data suggest the possibility that maladaptive responses may have a greater impact on pain and function before TKA relative to adaptive responses.
Guarding and resting, in addition to pain catastrophizing, were the maladaptive responses that were independently associated with worse preoperative WOMAC and physical performance measures, whereas adaptive coping responses were not related to better pain and functional scores in this sample of preoperative patients about to undergo TKA. Surgeons should consider assessing patients for guarding and resting responses to pain as well as pain catastrophizing given that these responses to pain associate with worse measures preoperatively, are modifiable, and could potentially impact outcome after surgery. Assessments of guarding and resting can be made quickly (in this study, this required only two items for each), and the PCS requires approximately 5 minutes for a patient to complete. In combination, these domains efficiently assess the most likely pain responses that could negatively impact postoperative recovery. Future research should focus on the prognostic benefit of measures of these three domains for identifying persons at risk for poor outcomes and for informing interventions designed to enhance recovery.
